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1972.-Electrical and mechanical activity were recorded from multiple regions of the canine heart during electrical stimulation of distal portions of individual cardiac nerves. Functional responses included generalized augmentation in contractile force, together with sinus or supraventricular tachycardia when the stimulus was applied to the stellate ganglion or to portions of the left sympathetics rostra1 to their projection onto the surface of the heart. Alterations in contractile force and the development of tachyarrhythmic states became more localized as the ventrolateral cervical cardiac nerve was stimulated more distally. Mechanical alternans accompanied progressive acceleration in heart rate, but was generated to varying degrees within highly localized portions of the cardiac musculature. Excitation of the ventrolateral nerve at the level of the superior pulmonary vein elicited marked tachycardia with a supraventricular pacemaker. Stimulation of the same nerve at a point just caudal to the inferior pulmonary vein where it projects onto the left ventricle induced both atria1 and ventricular tachycardias, each at a different rate. Effective reserpinization or local procainization eliminated the ability to elicit such tachyarrhythmias.
regional cardiac nerves; catecholamine-dependent arrhythmia; ectopic pacemakers; atria1 and ventricular tachyarrhythmia; neurally induced tachyarrhythmia AN UNDERSTANDING 0F THE MECHANISMS creating cardiac arrhythmias is of great importance, and views concerning such mechanisms have been the subject of much recent investigation (12) . Owing to the difficulty in creating paroxysmal tachycardias in the experimental animal, conclusions concerning their origin have been largely speculative. Hoffman and Cranefield observed that by far the single most important cause of alterations in cardiac rate and rhythm is the action of autonomic mediators (13). The purpose of this investigation is to report a mechanism of genesis of both supraventricular and ventricular tachyarrhythmias and to attempt to discern whether the underlying mechanism is related to a rapidly firing ectopic pacemaker or to reentry involving the atrioventricular nodal region.
MATERIALS AND METHODS
Thirty-four open-chest dogs, weighing 17-26 kg, were studied under phencyclidine hydrochloride (2 mg/kg im) and cr-chloralose (60-80 mg/kg iv) anesthesia and positive pressure respiration.
Walton-Brodie strain-gauge arches (for recordings of regional contractile force) and either unipolar or bipolar electrodes were sutured onto the atria and ventricles (Fig. 1 On two occasions the right atrium was paced in order to record the effect of pacing rate upon local contractile behavior. In a second group of 10 animals, bipolar electrodes were sutured onto the sinoatrial (S-A) node, the interatrial pathway as it courses onto the left atrium, the epicardium over the coronary sinus, and the middle-posterior junction of the two atria, as well as the right ventricular conus and left ventricular anterior epicardial surfaces. Force gauges were sutured onto one atrium, the right ventricular conus, and the anterior left ventricular epicardium.
In six of these animals, atrioventricular (A-V) nodal blockade was created by the injection of phenol into the A-V node region. In four animals that were placed on total cardiac bypass, biplar electrodes were sutured over the S-A node, the valvular limbus of the coronary sinus, the atrioventricular node, the bundle of His, and the internodal conduction pathways. Figure 5 illustrates the effects of atria1 pacing rates upon electromechanical events within small epicardial segments of the heart. The left panel shows a control sequence with a heart rate of 138/min.
In the five subsequent panels the pacing rates were 170, 185, 2 10, 280, and finally 3 lO/min. As pacing rate was increased, there developed increasing mechanical alternans, particularly in the right ventricle, until the second contraction in the sinus almost disappeared. At a pacing rate of 3lO/min the larger contraction of the mechanical alternans in the conus occurred when the smaller contraction occurred in the sinus. Figure 6 illustrates the effects of l-v stimulation of the low-pericardial VLCN and the anterior descending coronary nerve before (two left panels) and after (two right panels) the creation of A-V block. Stimulation of the VLCN Figure  7 illustrates the sequence of electrical events utilizing multiple bipolar recording, from the sinoatrial node (S-A node), the valvular limb of the coronary sinus, the atrioventricular node (A-V node), the interatrial conduction pathway on the left atrium (Bachmann's bundle), and the right bundle in the right ventricular septum.
Contractile force of the left atrium (LAF) and the right ventricular sinus (RSF) were also recorded. In the control sequence (Zef! panel) S-A nodal activity was followed in 20 msec by A-V nodal activation, in 26 msec by the coronary sinus region, in 30 msec by Bachmann's bundle, and in 140 msec by the right bundle branch. During 0.5-v stimulation of the midpericardial VLCN (arrow), there was tachycardia (control rate of 15O/min, tachycardia of 2 lO/min) in which the first recorded areas to be activated electrically were coronary sinus and Bachmann's bundle. This initial activation was followed in 28 msec by the A-V node, in 33 msec by the S-A node, and in 140 msec by the right bundle.
Each atria1 activation was associated with ventricular excitation and contraction. During 1.5-v stimulation of the VLCN (right-hand panel) the atria1 sequence remained unaltered from the middle panel; however, the right ventricular tachycardia was independent of atria1 activation, the atria1 rate being 350/min and the ventricular rate 309/min. Contractile alternans appeared in the atrium (LAF) and the ventricle was activated electrically only after every second atria1 activation. Figure 8 represents the effects of 1.5-v stimulation of the VLCN in the same preparation as in Fig. 7 after the creation of A-V block. Note that the control sequence of atria1 activation in the left panel is the same as in Fig. 7, but The quality of tachyarrhythmia induced is quite dependent upon the location of the terminal cardiac nerves (Fig. 3) . The more caudal the site of stimulation, the less the influence upon atria1 function, and ventricular epicardial augmentation became more localized as the stimulation site progressed distally along the VLCN (Fig. 2) . When the most distal portion of the VLCN projecting onto the heart or the coronary nerves along the LAD were stimulated, tachyarrhythmia was confined to the ventricles (Figs. 3 and 6) (Figs. 3 and 4) ; the alterations in force occurred within and between individual ventricular segments. It is evident (Fig. 4) The generation of alternans by rapid pacing (Fig. 5) separated the electrical and mechanical changes developed during the tachyarrhythmia.
Thus, the mechanical alternans evidenced during the tachyarrhythmias is considered to be due to the development of rapid electrical excitation.
The tachyarrhythmia reported here appears to be primarily related to local sympathetic nerve effects upon atria1 and ventricular electrical events. Parasympathetic as well as afferent components exerted only minor regulatory functions upon the tachyarrhythmia. The important question arises as to the origin of this neuronally induced tachyarrhythmia.
Gross division of the A-V bundle differentiated clearly that the origin can be either atria1 or ventricular, or both, depending upon the site of neural stimulation. When the stimulus was applied to the nerves accompanying the anterior coronary vessesl and their branches, the site of ectopic foci was below the A-V node, for when A-V nodal block existed (Fig. 6 ) the tachyarrhythmia was confined to the ventricles.
The same experiment (Fig. 6) demonstrates that when the lower pericardial VLCN was stimulated after A-V block, the focus of ectopic activity was also confined to regions below the A-V node. In the latter instance the atria were not affected (although they were affected during control states), suggesting that the ventricular tachyarrhythmia may influence the atria when the node is intact or that nerves passing to the atria were damaged by the nodal incision.
When the middle pericardial VLCN was stimulated, the pacemaker shifted from the S-A node to the coronary sinus zone and fired at an accelerated rate (Fig. 7) . As the stimulation voltage was increased (right panel) the rate of discharge of this coronary sinus region pacemaker increased and another pacemaker became activated in the A-V node-His region, the ventricular accelerated rate differing from the atria1 rate. After incision in the lower A-V node-His region only atria1 tachycardia occurred ventricular ectopic pacemaker
; it is presumed that the was destroyed and was located in the lower node or upper His-bundle regions. Although these preliminary investigations do not accurately place the site of origin of the tachyarrhythmias they implicate one focus to be near the coronary sinus and the other to be in the region of the A-V node or His-Purkinje system (12). Thus, it appears that stimulation of local autonomic nerves can initiate a focus of rapid firing within either the atrium or ventricles depending on the location of the neuronal elements being stimulated, and the atria1 pacemaker can generate atria1 flutter that may change into atria1 fibrillation. 
